3
Here, we review the experiences of the pneumococcal vaccine community in the adoption of cell lines for bioassays. We have drawn upon successes and failures in the development of in vitro functional assays reported by the international vaccine community, descriptions of the cell line by its originators, and studies by the leukemia research community into cell differentiation. Bioassays are increasingly based on cell lines, since they offer various advantages over using whole animals, including simplicity of care, ease of standardization, and low cost. For example, an in vitro toxin neutralization assay is used to determine the capacity of anti-diphtheria toxin antibodies to neutralize the cytopathic effect of this toxin on Vero cells (61) . The capacity of pneumococcal antibodies to opsonize bacteria in vitro for phagocytes is an important measure of the protective immunity induced with a pneumococcal vaccine. Studies of pneumococcal vaccines have revealed various issues important in selecting cell lines used in the bioassay. This review discusses the lessons relevant to the adoption of cell lines for bioassays, which were learned from pneumococcal vaccine studies.
Streptococcus pneumoniae is an important bacterial pathogen responsible for sepsis, meningitis, pneumonia, and otitis media (2) . Antibodies to pneumococcal capsular polysaccharide (PS) protect the host by opsonizing pneumococci for phagocytosis by granulocytes and macrophages, and this opsonizing potential has also been associated with vaccine-induced immunoprotection (6, 14, 26, 47, 78) . Although the association between vaccine-induced antibody concentration as measured by enzyme-linked immunosorbent assay (ELISA) and antibody function (opsonophagocytosis) has been established for children participating in three different vaccine efficacy trials of a pneumococcal conjugate vaccine (47) , many studies have shown that antibodies detected by ELISA may lack specificity (20, 22, 62, 96 ). An ELISA modified to decrease nonspecificity is, however, routinely performed with good specificity (91) .
Given that the ability of granulocytes to opsonize pneumococci is the key measure of vaccine-induced immunoprotection, diverse in vitro methods of measuring opsonic capacities of antibodies have been devised; these assays are termed opsonophagocytic assays (OPAs). The most established OPA is the opsonophagocytic killing assay (OPKA), which measures the reduction in the number of viable bacteria in the presence of phagocytes, antibodies, and complement (73) . Other OPAs measure the uptake of fluorescent (57) or radiolabeled (87) pneumococci into phagocytes in the presence of antibodies and complement.
All in vitro OPAs require phagocytes, which are commonly obtained from one of two sources. The first source is peripheral blood of normal donors, which provides the most biologically relevant granulocytes but presents several shortcomings. The genetic or clinical status of individual donors will vary, with clear implications for the standardization of an OPA. It is also inconvenient to perform phlebotomy by routine schedules, as donors need to be screened for health conditions and granulocytes must be purified prior to the OPA being performing. In addition, an assay may require a large number of granulocytes, necessitating phlebotomy of large volumes of blood from an individual or smaller volumes pooled from many donors. For these reasons, a promyelocytic cell line has been used to provide phagocytic cells for the OPA. Recently, a number of laboratories have used HL-60 cells, subjected to conditions that promote differentiation towards granulocyte morphology, as phagocytes with varying degrees of success. Here, we review the experience with HL-60 cells and their differentiation into granulocytes for use as effector cells in pneumococcal OPA.
HISTORY OF THE HL-60 CELL LINE
The HL-60 cell line was derived from peripheral blood leukocytes of a 36-year-old Caucasian female with acute promyelocytic leukemia (18) . It was among the first long-term suspension cultures of human myeloid leukemic cells to be established and has been extensively characterized during the past decades. The original wild-type HL-60 cell line had several properties of malignant cells and expressed various oncogenes (17) . The cells formed tumors in nude mice, predominantly consisting of promyelocytes and myeloblasts (33) , and grew as colonies in semisolid medium (methylcellulose and agar), which could be enhanced with various colony-stimulating factors and with increasing passage (33) . Consequently, multiple sublines with limited differentiation potential have been developed (10), including lines resistant to chemical inducers of differentiation (43, 58) and eosinophilic sublines incapable of neutrophilic or monocytic differentiation (85) . Unless otherwise specified, we will refer to the wild-type HL-60 cells in this review.
There is no reported evidence by the originators of HL-60 (33) Consistent with the origins of HL-60, cytological studies have found HL-60 cells to be myeloblastic or promyelocytic. In culture, cells are ovoid or round but occasionally express pseudopods and are heterogeneous in size (9 to 25 m in diameter). HL-60 cells have large round nuclei, which are occasionally binucleate with distinct margins, fine chromatin, and two to four nucleoli (33, 85) . The cytoplasm is deeply basophilic with prominent multiple azurophilic granules. Cells stain positively with periodic acid-Schiff reagent and occasionally for acid phosphatase, characteristics of mature in vivo granulocytes. HL-60 cells do not, however, express alkaline phosphatase or ␣-naphtol AS-D acetate (nonspecific) esterase, characteristic of in vivo-derived neutrophilic granulocytes or myeloid cells, and some cells can resemble megakaryocytes and erythrocyte precursors (17) .
DIFFERENTIATION OF HL-60
Critical to the successful adoption of a cell line for bioassay is the reproducibility of the function of the cell within the assay itself. In the OPA, the effector cell must first be induced to differentiate to a phagocyte. Size, morphology, and the extent of heterogeneity among cultured HL-60 cells suggest that they may spontaneously differentiate in vitro (18) . Approximately 5 to 10% of HL-60 cells appear to be mature myelocytes; many resemble mononuclear phagocytes, metamyelocytes, banded cells, or fully segmented neutrophils. Similarly, about 5 to 10% of cultured HL-60 cells have properties of differentiated granulocytes, such as phagocytic ability and the ability to respond to chemotactic peptides (e.g., N-formylmethionyl-leucine) (33) . The effector HL-60 cells for an OPA can also be regulated by induction of differentiation towards three distinct myeloid cell lineages (monocytic, eosinophilic, and granulocytic), depending on the environmental conditions and the chemical inducers used (17, 66) .
The multipotentiality of this cell line to differentiate into various cell lineages has been a research subject since its discovery. Environmental conditions such as pH and multiple chemical inducers can greatly facilitate the differentiation of HL-60 cell lines into various myeloid lineages (17, 19, 59, 66, 74) . These chemicals generally arrest the cell cycle at the time of induction of differentiation. For example, sodium butyrate induces monocytic differentiation (8) and N,N-dimethylformamide (DMF) and other polar compounds induce granulocytic differentiation (19) . Additional inducers such as retinoic acid, dimethyl sulfoxide (DMSO), and dibutryl cyclic AMP have been also reported to induce granulocytic differentiation. Many factors can affect optimal differentiation; conditions for differentiation depend primarily on the concentration of the inducer, the time of exposure, and the relative proportion of cells in different segments of the cell cycle (17, 19) . Continuous exposure to these inducers is not necessary (74) ; even a short exposure may be sufficient (82) .
The observations of spontaneous differentiation, selection of sublines, and changes in colony-forming tendencies with increasing passage (33) enforce the requirement for robust control of the cell line and its processes. Bioassays by their very nature require standardization, and unnecessary variation must be avoided. Therefore, for a standardized bioassay it is critical to standardize and optimize differentiation conditions to provide reproducible yields of granulocytes suitable for use as effector cells within the OPA. Optimized conditions have been described by various authors for differentiation into neutrophils and these include 1.25% (vol/vol) of DMSO in a period of 5 to 7 days (10, 19) , 100 mM DMF in a period of 5 days (57, 72, 73) , or 0.1 M all-trans-retinoic acid (ATRA) in a period of 5 days (11). In some cases, comparisons between inducers indicate they can be synergistic and are more effective when they are used in combination (11, 13) . For instance, HL-60 cells widely available in Europe (ECACC 98070106) differentiate into functional neutrophils better when they are exposed to a mixture of ATRA, 1␣,25 dihydroxyvitamin D 3 (vitamin D 3 ), and granulocyte colony-stimulating factor (29) .
SOURCES OF HL-60 CELL LINES, WILD TYPE, AND SUB-LINES
Reflecting its versatility and long history, the wild-type HL-60 cell line and its various sublines can be obtained from multiple sources ( Table 1 ). The wild type (ATCC CCL-240) is available from ATCC, whose stock was obtained at passage 8 and is distributed at passage 21. The main European source of HL-60 (ECACC 98070106) was deposited at ECACC by C. Bunce of the University of Birmingham, Birmingham, United Kingdom, and it is believed that the original seed stock was a gift from the originator. The seed stock (DSMZ ACC 3) held at DSMZ, was deposited by E. Porfiri of the Royal Free Hospital, London, United Kingdom. Additional European sources include the Interlab Cell Line Collection, Genoa, Italy (ICLC HTL95010), whose deposit was obtained from ECACC, and Istituto Zooprofilattico Sperimentale, Brescia, Italy (IZSBS BS TCL25), which is restricted to Italian researchers. ATCC cell lines are also distributed under license through LGC, Ltd., London, United Kingdom. Although exact details regarding the passage level of the original deposits and passage number banked are difficult to determine, it is likely that the original seed stocks of HL-60 deposited by researchers other than the originating laboratory and retained at ECACC and DSMZ are at a higher passage level than those at ATCC. On-line catalogue collections of HL-60 cells may be found at several sources (3, 23, 27, 44) .
Subclones of HL-60 with slightly different biological properties are available (Table 1) . While some of these sublines can differentiate easily in the direction of monocytes or neutrophils (10), many sublines may not differentiate into phagocytes and thus not be suitable for OPAs. For example, sublines ML60 m2, m4, Sp1, Ast3, and Ast25 require higher concentrations of DMSO to induce neutrophil differentiation (10); clone 15 HL-60 (ATCC CRL-1964) readily undergoes eosinophilic differentiation when treated with butyric acid but does not differentiate well into granulocytes (12) ( Table 1 ). An HL-60 subline resistant to retinoic acid (ATRA) has also been described by Grillier et al. (39) as having late-passage cultures with increased tolerance to DMF and an inability to differentiate with either DMF or ATRA (29) .
HL-60 CELL LINE MAINTENANCE AND PASSAGE
HL-60 cells require simple maintenance in vitro and grow as single-cell suspension cultures without the tendency to clump or adhere to plastic or glass (18) . Although the cell line's doubling times were originally reported to be 55 to 60 h (18), once it is established, cell density doubles every 24 h in an actively growing culture, although doubling time is about 72 h immediately after recovery from the frozen stock. HL-60 cells may be propagated at 37°C under 5% CO 2 in air, in Iscove's modified Dulbecco's medium with 4 mM L-glutamine adjusted to contain 1.5 g of sodium bicarbonate/liter and 20% fetal bovine serum (FBS). Initially, S. J. Collins generated this cell line by growth in RPMI 1640 (Gibco Ltd., Carlsbad, Calif.) supplemented with 15% fetal calf serum (Flow Labs, Irvine, Scotland) and gentamicin (50 g/ml) (18) . Maintenance of HL-60 is possible in RPMI 1640 supplemented with 2 mM L-Glutamine and 10 to 20% heat-inactivated FBS from various sources (HyClone, Logan, Utah; JRH Biosciences, Lenexa, Kans.) (29, 72) . Under these conditions, HL-60 cultures can be maintained by diluting the cells with a fresh medium to a density of 10 5 viable cells/ml when the cell density reaches 10 6 cells/ml. HL-60 cell lines may even be maintained on serumfree medium as originally described by Breitman et al., (9) or by culture in media such as UltraCulture (BioWhittaker, Walkersville, Md.) with 4 mM L-glutamine adjusted to contain 1. (5, 36) and may require a special mixture of chemicals for differentiation (13) . While the HL-60 cell line is very simple to culture, it is predisposed to differentiate into nonproliferating cells or to a subline. Thus, meticulous attention to its handling, culture, and passage procedures is required. Cell concentration should not be allowed to exceed 10 6 cells/ml. High pH (pH 7.6 to 8.0) culture conditions can favor the differentiation of HL-60 cells into eosinophils rather than neutrophils (28) and thereby affect the performance of the cells in an OPA. This culture condition may inadvertently arise when the CO 2 supply to incubators is interrupted; effects of changes in pH (dissolved CO 2 ) must be considered in the application of HL-60 within a standardized OPA. Romero-Steiner et al. (73) reported difficulty in obtaining differentiated granulocytes for opsonophagocytosis of pneumococci in ATCC CCL-240 at passages above 35. This restriction was resolved by using higher concentrations of FBS (20%) and daily maintenance of the cell line with at least 20% 
STORAGE OF HL-60 CELLS TO PROVIDE FUTURE SEED STOCKS
Long-term storage of HL-60 cells must be accomplished by cryopreservation in liquid nitrogen of the undifferentiated cell stock at a high density (5 ϫ 10 6 cells/ml) in RPMI 1640-based medium supplemented with 10% glycerol or DMSO while the cell stock is at low passage. The addition of exogenous cryoprotective compounds such as glycerol or DMSO modulates elevations in salt concentration during freezing (66) and protects cells from osmotic stress (32, 60, 71) . Some cryoprotectants (e.g., DMSO) may also induce cellular differentiation (10, 19) and are toxic, reducing cell viability after thawing and requiring rapid removal upon thawing. Cell distributors recommend thawing the 1-ml cell stock within 1 min in a 37°C water bath and immediately adding fresh tissue culture (20 ml) medium to dilute the cryoprotective compound. Alternatively, the cryopreservative can be removed by centrifugation of the thawed cell suspension. If the dilution method is chosen, the medium can be replaced by fresh growth medium after overnight incubation; as cells divide, the volume can be adjusted to expand the cell culture. Differentiation into granulocytes should be attempted once the cells have adjusted to the growth conditions and active cell growth is obtained (i.e., daily doubling of cell numbers). This process takes 2 to 3 weeks, on average (64).
MONITORING IN VITRO DIFFERENTIATION
As HL-60 cells differentiate; they cease proliferation, begin to express new genes and molecules, undergo morphological changes, and then die by apoptosis (79) . Such changes, including expression of complement receptor 1 (CR1; C3b receptor), have been suggested as indicators of successful differentiation (29, 57, 73) and can be monitored by microscopic, flow cytometric, and molecular techniques. Morphological alterations during differentiation include shrinkage in cell size, decreased nuclear-cytoplasmic ratio, increased nuclear pyknosis and segmentation, decreased cytoplasmic basophilia, replacement of the coarse azurophilic granules with smaller specific granules (17) , and alterations in gene and protein expression along macrophage (48, 76) and granulocytic (45) lineages. Undifferentiated HL-60 cells have a generally rounded morphology when viewed by scanning electron microscopy with short-to medium-length pseudopodia and occasional ruffles; they demonstrate clear changes in morphology (increased ruffling and flattening) following differentiation ( Fig. 1) (29) .
Opsonization involves binding of bacterial serotype-specific antibodies to the PS capsule of pneumococci, which in turn fix complement onto the bacterial surface (90, 93) ; recurrent pathogenic infections have been associated with natural or causal deficiencies in C3 (31, 83) . Thus, successful differentiation of HL-60 for an OPA may be measured by the acquisition of attributes of a phagocyte such as receptor sites, which recognize opsonins. Phagocytic cells, primarily granulocytes, recognize the Fc portions of the bound antibody and the C3b and iC3b complement deposited onto the bacterial surface via specific cell receptors. For the determination of vaccineinduced opsonophagocytic capacity, the primary receptors of interest are the Fc␥ types I, II, and III. Fc␥RI (CD64) is the high affinity receptor for immunoglobulin G1 (IgG1), IgG3, and IgG4; Fc␥RII (CD32) is the low-affinity receptor for aggregated IgG1, IgG2, and IgG3; and Fc␥RIII (CD16) is the low-affinity receptor for IgG1 and IgG3. In addition, polymorphisms that result in different binding affinities due to race and genetic lineage have been documented (89) . Of particular interest for vaccine-induced antibodies is the Fc␥RII high responder-low responder described by Sanders et al. and Ernst et al. (25, 77) . These differences can be revealed by use of specific monoclonal antibodies or by analysis of the genetic transcripts (69, 89) . The presence of the lower-affinity receptors in granulocytes has been associated with lower levels of phagocytosis in the absence of complement (77) and would appear to make this the better option if the assay were to be tailored to be complement independent. Although Fc receptors are important in opsonization, the complement-dependent opsonophagocytic pathway remains central to the clearance of S. pneumoniae in vivo (42, 63) ; complement receptors for C3b (CR1 and CD35) and iC3b (CR3 and CD11b) are the primary receptors mediating opsonophagocytosis of pneumococci and other encapsulated bacteria (37) .
The presence of complement receptors in HL-60 cells and HL-60 granulocytes has been previously documented (4, 29, 46, 73, 75, 89) , and their presence may be studied with commercially available antibodies against CD11b (iC3b receptor and CR3 ␣-chain), CD18 (␤-chain of lymphocyte functionassociated antigen 1 [LFA-1]) and CD54 (intracellular LFA-1 adhesion molecule 1 [ICAM-1]; ligand for Mac-1). Expression of CD11b, which binds noncovalently to CD18 to form the Mac-1 integrin (15), is a useful marker of granulocytic differentiation and of suitable cell lines for OPA (29, 32, 38, 73) . Similarly, the ␣-chains CD11a and CD11c can bind to CD18 to form two other ␤2 integrins (LFA-1 family) (1). Because of its simplicity and reproducibility, flow cytometric analysis is the practical way of monitoring the differentiation of HL-60 cells to obtain granulocytes with phagocytic function. CD markers may also be employed to identify monocytes and by deduction neutrophils. For example, CD14 (Leu-M3) is specific for monocytes and macrophages, and CD33 recognizes various myeloid cells, including monocytes and macrophages (8, 24) . Differentiation of HL-60 can be readily identified by monitoring the expression of cell surface markers and may therefore be used to quality control the effector cells. Useful markers are summarized in Table 2 .
Even after expression of these markers, the relative activity (95) . A recent report also indicates that heat-killed pneumococci (serogroup 3) can up-regulate the surface expression of CR3 (CD11b) in a time-dependent fashion prior to uptake of pneumococci by the neutrophils (94) .
PERFORMANCE OF HL-60 IN SEVERAL OPAs
HL-60 cells differentiated with DMF into granulocytes were used as phagocytes by Romero-Steiner et al. (73) in a complement-dependent OPKA that measures the capacity of anticapsule antibodies to opsonize live pneumococci in a single serotype-specific reaction. This assay required the counting the numbers of CFU that remained viable after the granulocytes phagocytosed the target bacteria in vitro. HL-60 granulocytes are used in a 400:1 effector-to-target cell ratio, and the viability of the differentiated cells can be as low as 50% without affecting the opsonophagocytic titer. In this assay, the OPKA titer is defined as the serum dilution with Ն50% killing of the bacterial inoculum (1,000 bacteria/well). This method mimics the opsonophagocytic process occurring in vivo and has been used for many years. Recently, an evaluation of this methodology indicated that this assay has a high degree of reproducibility across multiple laboratories (72) .
OPKA has several disadvantages. One is that this method requires tedious colony counting, a difficulty that has hindered wide adoption of this method for testing a large number of samples. Kim et al. overcame the colony-counting problem by colony enhancement with dye and automated colony counting (50) . Alternatively, a chromogenic modification has been developed for the faster determination of titers (54) . Another disadvantage is that the OPKA has many manual steps and requires at least 40 l of serum sample to test a single serotype. This problem was resolved by development of a multiplexed . These improvements in the OPKA are likely to increase its adoption and automation, placing greater demands on the provision of phagocytic effector cells and thus the requirement for a comprehensive understanding of the properties and behavior of the HL-60 cell line. HL-60 differentiated granulocytes have also been used in single and multiplex flow cytometric OPAs for pneumococcus (56, 57) . The method relies on phagocytic uptake of fluorescent but killed S. pneumoniae (57) (v) This approach may overcome some of the technical difficulties of growing and maintaining consistent target S. pneumoniae. Also, phagocytosis by a specific subset of phagocytes can be determined by tagging phagocytic cells with a cell surface marker of differentiation, e.g., CD11b (29) . However, these flow cytometric OPAs have not been extensively implemented or evaluated in a multilaboratory study and only measure binding (and/or phagocytosis) of the bacteria and not killing. Although nonkilling assays have been developed, additional validation is required to show that uptake of beads is equivalent to opsonization, uptake, and killing of bacteria. If a given nonkilling assay was shown to be an efficient surrogate of bacterial killing, there would be potential for its use as a correlate of protection.
HL-60, A PROBLEM CELL LINE?
As HL-60 cells became widely used in many different laboratories as a source of phagocytes, contradictory experiences were reported. A number of laboratories in the United States had varying levels of success in using HL-60 cells for OPA. In contrast, several experienced European laboratories in various countries reported difficulties in achieving reproducible differentiation of HL-60 cells into granulocytes with DMF. Although some European laboratories were successful in using HL-60 (72) , these diverse international experiences became a concern in adopting the HL-60 derived granulocytes as the effector cells for pneumococcal OPAs.
A number of hypotheses have been put forward to explain these differences, including differences in the source and qual- ity of serum used in cell cultures to differences between the passage procedures adopted between laboratories. It is likely that the differences between the laboratories in the United States and Europe may actually be intrinsic to the seed source of HL-60 employed. Reports of successful differentiation of HL-60 with DMF are primarily from United States sources, where seed stocks were obtained from ATCC, a cell line deposited at passage 8. In contrast, many of the European seed stocks were sourced from ECACC and were almost certainly derived from an accession of higher passage than those derived directly from ATCC. In addition, it is possible that HL-60 cell lines may have partially differentiated in individual laboratories and therefore become less useful as phagocytes (40) . Differences between the responses of two different HL-60 wild types (ATCC CCL-240 and ECACC 98070106) following induction of differentiation with DMF or ATRA have also been observed (29, 30, 34, 49) . Thus, for the successful adoption of an OPA based upon HL-60-derived granulocytes, each laboratory must obtain the "correct" HL-60 cell line. It is also critical that source, storage, shipping, maintenance, and differentiation methods are clearly stated in any standardized OPA protocol(s).
ALTERNATIVES TO WILD-TYPE HL-60
Because of the initial conflicting experience with HL-60, several other cell lines were considered that are capable of differentiating into either granulocytic or monocytic lineages (53, 88) by the addition of chemical inducers in a fashion similar to that of HL-60 (Table 3) . At the moment, these cell lines have not been evaluated for their use in pneumococcal OPAs to the same extent as HL-60 cells have. One cell line, NB-4, was found to efficiently differentiate into granulocytes (29) . As the OPA is designed to determine antibody titer, any functional phagocyte capable of preferentially phagocytosing opsonized pneumococci or PS-coated beads could be used to determine opsonic titers, as long as the OPA titers were comparable to those obtained with the more widely used HL-60 granulocytes (72). However, poorly differentiated cultures or cultures with low viability are likely to be less desirable for use within a standardized assay, as factors which contribute to uncontrolled variations between assays must be controlled if the bioassay is to be considered standardized. In preliminary studies, differentiated NB-4 cells (53) generated opsonic titers comparable to those derived by DMF-differentiated HL-60 cells (ATCC CCL-240) (30, 35) . NB-4 cells have a 72-to 96-h differentiation period with opsonic activity after 72 h of differentiation and as early as 48 h after induction of differentiation (30, 35) . More-rapid induction of differentiation of the effector cell line (HL-60 or NB-4) may be considered beneficial, as it reduces the total time to perform the bioassay. In addition, a single source of cell line (e.g., NB-4) may be advantageous, as it reduces the potential for variation between different commercially sourced HL-60 cell lines. Another potential advantage for OPA in the absence of exogenous complement is that in contrast to HL-60 which is homozygous for the arginine R131 allele of the low-affinity Fc␥RII (CD32) receptor, which binds the IgG2 antibody isotope, NB-4 is heterozygous for the point mutation and exhibits both histidine H131 and arginine R131 alleles (34) . This difference in receptor affinity may make the NB-4 cell line less complement dependent for use in an OPA.
Other approaches for new phagocytes include the genetic engineering of mouse fibroblasts to express molecules necessary for phagocytosis (e.g., CR3 and the Fc receptor). This has been attempted without success with 3T6 fibroblasts transfected with Fc␥IIa cDNA (92) . To overcome difficulties associated with a high percentage of cell death during differentiation (79), monitoring of cell viability of the effector cells is crucial to maintain their efficiency in OPAs. Prevention of cell death following differentiation with bcl-2 transgene manipulations or chemical inhibition of apoptosis could increase effector efficiency and yield. In addition, genes carrying the higheraffinity Fc␥IIR allele could be introduced to further tailor the specificity of the OPA.
SUMMARY
From a practical point of view, a single source for the HL-60 cell line is needed, as well as standardized culture and differentiation conditions. Suggested conditions for a standardized OPKA protocol are available online (64) . This site is updated periodically. Despite confusing experiences in the past, the HL-60 cell line has been extensively characterized and is readily available; its use has been described for the evaluation of pneumococcal vaccine induced anti-capsular antibodies by standardized OPKA, and it remains a good candidate cell line. Perhaps a single distribution center for the cell line may be established to help the pneumococcal research community. In the meantime, any laboratory interested in OPA must obtain the correct HL-60 cell line from a qualified source (e.g., ATCC). 
